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Introduction
Despite recent progress in addressing the challenges of hunger and undernutrition, according to the FAO, 840 million people were unable to meet the daily nutritional requirements for a healthy life in the years between -13 (FAO 2013 . Children who are undernourished often cannot reach their full potential for growth and intellectual development (Walker et al. 2007 ). Undernutrition can impair cognitive development (Scrimshaw 1998; Worobey and Worobey 1999; Leslie and Jamison 1990) as well as readiness and motivation to learn (Meeks-Gardener et al. 1995) . Even short-term hunger can adversely affect attention and interest (Read 1973) , while skipping breakfast can impair performance on cognitive tasks, particularly for children who are nutritionally at risk (Pollitt 1995) .
School-feeding programmes are designed to support the education of children living in poverty and food insecurity. School-feeding is a simple idea, in practice however, it is a complex intervention with many goals and implementation configurations, involving a broad range of activities by different stakeholders at different levels (Gelli et al. 2012) . Its benefits cover several domains of behaviour and learning. The evidence on the impact of school-feeding suggests that, if properly implemented, school-feeding can help to bring children into school and to keep them there, increasing enrolment, reducing absenteeism and drop-out; and that once the children are in school, the programmes can contribute to their learning, through avoiding short-term hunger and enhancing cognitive abilities (see Kristjansson et al. 2007 , for a systematic review, and Adelman et al. 2008 , for a broader review).
Recently, there has been increased interest in exploring the broader social income generation outcomes linked with the provision of goods and services for school-feeding using 'homegrown' approaches, though the evidence of the benefits is still largely anecdotal and limited to simulation exercises (Espejo et al. 2009 ).
The review by Kristjansson and her colleagues (2007) and process evaluation by Greenhalgh, Robinson and Kristjansson (2007) highlighted the fact that these simultaneous, multiple outcomes are heterogeneous. Furthermore, they can be context specific and are sensitive to issues of implementation, including the amount of calories offered, type of ration and substitution (replacing some of the food to be received at home). School-feeding implementation modalities include onsite breakfast, lunch or snacks, and/or as take-home rations conditional on school attendance. In terms of relative impact on school participation though, there is little evidence that different school-feeding modalities have different effect sizes. The evidence also suggests that the different modalities have very different costs (Bundy et al. 2009 ). The impact of school-feeding in each of the above areas occurs through a number of complex pathways, detailed analysis of which is beyond the scope of this paper and discussed elsewhere (Greenhalgh et al. 2009 ).
We build this paper on the recent development of the programme theory for school-feeding across education, nutrition, health and other social outcomes (Masset and Gelli 2013) . The proposed impact pathways for school-feeding programmes are captured in detail in Figure 3 (Appendix 1). School-feeding programmes can support children's learning in school through two main pathways: The first involves increased access and participation in school (e.g. enrolment, attendance, drop-out) through an incentive, income-transfer effect (Kazianga et al. 2009 ). The second pathway involves increased learning ability (e.g. attention, cognition) through improved intake of macro-and micronutrients (Adelman et al. 2008; Greenhalgh et al. 2007 ).
School-feeding is an important and wide-spread educational intervention; global estimates of programme scale suggest that approximately 370 million children received school-feeding in 2012 (WFP 2013). Scaling-up and consolidating school-feeding programmes requires considerable resources and a steady flow of funds: in low-income countries, school-feeding programmes cost an average of about US$50 per child per year (Gelli et al. 2011) . Therefore, it is essential to undertake a careful assessment of its benefits and trade-offs (Alderman and Bundy 2011) . Key to this assessment is an understanding of how different school-feeding implementation models compare to each other and to other interventions with similar aims and objectives, such as conditional cash transfers or scholarships. However, until now, the lack of valid methodologies to estimate overall impact across different outcomes has presented a barrier to such an assessment. In this paper, therefore, we outline two approaches that can be used to aggregate outcomes for school-feeding interventions across education, health and nutrition and other relevant social outcomes.
Comparing interventions
Comparing alternative interventions with multiple outcomes has been a long tradition in economic evaluation; this often takes the form of a cost-effectiveness analysis (CEA) or costutility analysis (CUA) (Drummond et al. 2005) . CEA requires the ability to identify one single reliable and appropriate outcome measure of the intervention programmes. This may prove difficult when the programmes being investigated have multiple objectives and outcomes. A variant of CEA, cost consequence analysis, does tackle multiple outcomes. However, it does not make trade-offs between different outcomes explicit. Often, decision makers may either be implicitly making the judgement or unable to make a decision based on multiple outcomes (Drummond et al. 2005 ).
As mentioned above, school-feeding programmes can produce a number of outcomes, including improvements in height and weight of the pupils, increased attendance, increased attention, and better school performance . A cost-utility analysis that employs a utility measure combining all possible outcomes is therefore more appropriate.
The utility measures used in CUA, such as quality-adjusted life years (QALYs), incorporate explicit weightings of the various outcome components of an intervention. The main challenge, in the case of school-feeding, centres on how to estimate those weightings. Two alternative approaches are proposed below.
Quality-adjusted school days
School-feeding outcomes are measured using very different metrics. On the one hand, some outcomes are related to learning access, or the increased quantity of school days. On the other, outcomes such as increased attention and improved cognition translate into improved quality of the learning during the attended school days.
One way of aggregating across these two dimensions is to introduce the notion of quality-adjusted school days as an overall measure of the extra school days obtained as a result of school-feeding (see Figure 1 ). If a child attends school more often, he/she is gaining school days, and if a child has greater learning ability, he/she is also gaining school days because fewer days are needed to learn the same material. This frees up school days for additional learning. Hence, we argue that school-feeding adds days, not only through increased attendance and reduced drop-out, but also through increased learning capacity. Thus, our approach is to focus on translating the increased 3 quality of learning from school-feeding into quantity of extra days gained from enhanced learning. We propose that this extra quantity of learning days gained from school-feeding programmes can be modelled using estimates of programme impact across schooling access outcomes (e.g. enrolment, attendance and drop-out, and learning outcomes). The parameters for the model can be obtained from data from the update of the school meals review (In process, Kristjansson et al.) . They may also be obtained from impact evaluations.
Figure 1: From multiple school-feeding outcomes to improved learning Source: Authors.
We can model learning (L i ) as a function of a child's learning capacity (c i ), quality of learning in school (q s ) and time spent on learning in school (t i ), or
From the evidence on programme impact ), one can assume that lowincome children suffering from poor nutrition would perform more poorly than children who are better-off, all other conditions being equal. In a very simplified case, we can assume that learning is a linear function of learning time multiplied by a child's ability and a learning 'quality factor' q, with the cumulative learning in an ideal case given by the area of the triangle OAB in Figure 2 . Similarly, the learning of a poor and undernourished child, who learns for fewer days and at a lower rate, is given by the area of the triangle OEF. Supposing that at the end of the school year, poor and undernourished children attended on average only 160 days (line segment OF) out of 200 days (line segment OB) of the school year due to absenteeism for reasons related to their vulnerabilities. Furthermore, following from our simplified example, these children will have learned less in the 160 days of attendance due to short-term hunger and micronutrient deficiencies. At the end of the year they may have learned an equivalent to the learning achieved by a non-disadvantaged child in far fewer e.g. 140 school days (area under triangle OIJ), In this hypothetical case, the disadvantaged child's learning and attendance improves due to school-feeding, and he/she would gain learning days, equal to 20 school days (line segment FD) from increased attendance. He/she would also gain an equivalent of 10 more days from improved learning capacity totalling a gain of 30 quality-adjusted school days (increasing the total cumulative learning from area of triangle OEF to the area of triangle OCD). A non-quality-adjusted estimation would say that the children would have benefited only from the 20 days added through increased attendance. Illustratively, in terms of cumulative learning, the difference between pre-and post-school feeding would be given by the difference in areas of the two triangles (OCD-OEF) in Figure 2 .
Converting test scores to 'learning per day' equivalents
To move from assessing the impact of school-feeding as 20 non quality-adjusted school days to 30 quality-adjusted school days, we require a way to convert the 'level of learning' into the number of full quality school days needed to achieve such level of learning, i.e. to learn 60 per cent of the expected learning, 'x' number of full quality school days are needed. This would be analogous to estimating the coefficient of 'q' in our model, or the slope of the line segment OA, and then multiplying this by the number of learning days.
One way of measuring levels of learning, or the expected learning, is to use standardized test scores or standardized national examinations. These types of assessments can allow comparisons by grade of the learning level achieved in different schools against a national standard. Results are usually expressed as scores or percentage achieved out of a pre-established national standard.
If those scores can be reformulated in number of full quality school days needed to reach a given score, or level of learning, an estimation of the quality-adjusted school days effectively offered by a specific school can be produced.
Developing our idealized example further, we could assume that if the national standard was equivalent to achieving 100 per cent of learning key contents, this level of achievement would imply that the student learned those contents throughout the 200 school days of a normal school year. Therefore it can be assumed that those 200 school days were 200 full quality school days because the expected learning was fully achieved (of course there is a range for this but it is not considered in the example). If a school achieves 70 per cent instead of 100 per cent of the standard, it can be inferred that the 200 school days were not full quality-adjusted school days; in practice those children benefitted from equivalent of less than 200 full quality school days. Therefore, if a relationship can be established between the level of learning and the number of days needed to achieve that level, one can say that in that school, the students only benefitted from, let's say, 140 quality-adjusted school days. It is important to reflect that in our original hypothesis, learning is a function of a child's ability, the quality of learning and the time spent on learning. For the sake of simplicity we are assuming that a child's learning ability and the child's learning time in school can be modified through school-feeding, and that these changes do not affect q which is a school level characteristic. Data on standardized school level test scores held in national databases, like those held in Chile, 1 could then be used to obtain estimates of the learning quality parameter q whilst controlling for socio-economic characteristics within the school population.
Estimating improvements in learning quality from improved health and nutrition
Estimates of increased learning time through improved attendance from school-feeding in Randomized Control Studies indicate increases of about 4-6 school days per year (Kristjnasson, 2007) . These extra days are not necessarily full quality school days, so they should be adjusted to quality school days based on the learning conditions in a given school. That quality can be estimated through the scores in the national exam, as described above. The problem of converting increased learning from school-feeding into full quality school days remains. Findings from the 2007 systematic review indicated gains in math performance, short-term cognition, as well as in on-task and classroom behaviour. We can use these estimates to gauge the size of the parameter c for the increase in a child's ability. In addition, educational experts and teachers could help to estimate the number of days in which a non-disadvantaged child would need to learn what a disadvantaged child had learned in a school year. For example, the nondisadvantaged child may need 120 days to learn what a disadvantaged child would learn in 180. This can be done through a set of questions where experts and teachers can estimate the time needed to learn a given subject by non-disadvantaged children compared to undernourished and poor children.
Once we have an estimate for q and for the changes in c due to poverty and hunger, we can then estimate the gains in quality-adjusted school days from a school-feeding intervention. The overall impact of school-feeding on education can be estimated and compared to alternative interventions aimed at increasing learning and attendance, such as hiring new teachers, lowering school fees, increasing learning support, or conditional cash transfers. The budgetary requirements for the different alternatives could also be estimated, providing the basis for comparisons in terms of cost-utility.
Required data collection methodology
Not all the parameters that constitute the components and the assumptions made in the description of the models outlined above are available from the literature. In particular, there are considerable uncertainties about the parameters that describe the casual pathways and 1 See http://www.agenciaeducacion.cl/simce/que-es-el-simce/ for further details 6 interactions between school-feeding, health and nutrition status and improved quality of learning. Hence, we propose to gauge some of these parameters through discussion with experts on school-feeding and child development; we would also conduct an online survey of practitioners.
Discussions with experts
These discussions focus on the impact pathways between school-feeding and learning. The starting point will be the impact theory outlined in Figures 3 and 4 (Appendix 1) . Guided by a summary of the evidence provided in the recent realist review ), the indepth discussions explore the evidence and gaps in the causal pathways linking food provision to learning (see Appendix Two for some draft questions). These discussions help to establish a set of parameters characterizing each of the links in the causal pathways.
Online survey for teachers and other school-feeding practitioners
The online survey aims to learn the relative value of the different outcomes of school-feeding, attempting to associate different levels of learning, on a continuum between ideal learning and impaired learning due to poor nutrition and poverty, with gains in outcomes attributable to the school-feeding intervention. The surveyed teachers need to be well acquainted with schoolfeeding programmes. Thus, we propose a survey of teachers in countries that have had school-feeding programmes for at least ten years. Primary education is the usual target of schoolfeeding, therefore, teachers should come from that level. A random sample of teachers from two or three typical subnational regions can then be used to pilot the attributes and values identified by the experts. A sample of the survey questionnaire is included in Appendix 3.
Method two: valuating benefits through discrete choice experiment
The second possible method for combining the multiple outcomes of school-feeding is a Discrete Choice Experiment (DCE). DCEs have been widely and increasingly used to derive monetary values or utility scores that can combine different outcomes into a single measure (Ryan et al. 2001 ). These are useful in areas where a market does not exist for the good in question; school-feeding programmes in this case. The DCE approach has its theoretical base in random utility theory and consumer theory in economics, and utilises experimental design and econometric techniques (Louviere et al. 2000) .
DCE is an attribute based measure of benefit, which assumes that the intervention programmes can be described by their characteristics (or attributes) and an individual's valuation depends on the levels of these attributes (Ryan and Gerard 2003) . In a DCE, participants are offered a series of choice sets with different combinations of attribute levels. Responses to the individual choices made reflect the relative importance respondents place on the attributes and the trade-off that individuals make between the attributes. The latter is measured by the marginal rates of substitution (MRS) between these attributes. For example, the MRS of attribute 1 X for attribute 2 X is the amount of attribute 1 X that an individual is willing to exchange for attribute 2 X . In utility theory, individuals are expected to behave rationally to maximize their utility. Therefore, the choices observed in a DCE are assumed to reveal an underlying (latent) utility function, where an individual evaluates the alternatives in each choice set and chooses the set which gives the greatest relative utility by making trade-offs between the attributes (Ryan 2008) . Presented formally in mathematical forms, an individual will choose alternative choice set A over B, if:
where U is the individual's utility as a function of the set of attributes ( A X for choice set A and B X for choice set B) and the participant's socioeconomic and demographic characteristics Z. Econometric techniques are applied to analyse the results of the DCE based on random utility theory, where an error term is included in the utility function to represent the unobservable factors and is assumed to be randomly distributed and uncorrelated with X or Z. This can be expressed formally in the formula below, an individual will choose choice set A over B if:
where V is the measurable component of individual utility observed from the DCE and A ε and B ε represent the unobservable components.
By combining MRS across different attributes obtained from the DCE, overall benefits (as measured in utility scores) of different school-feeding programmes can be derived and compared across models. If a price attribute is included, the willingness to pay value as an overall monetary benefit for the intervention can also be calculated (Ryan et al. 2008) .
To evaluate the benefits of the school-feeding programme using a DCE approach, all possible attributes (outcomes) of the school-feeding programme and levels assigned to each of the attributes need to be identified. Attributes describe the outcomes of the school-feeding programme, for example, improvement in weight or height, IQ scores or attendance improvement; while levels describe the possible variations of each attribute. For example, for an attribute of school attendance, possible levels may be 0 days, 0.5 days, 1 day, 1.5 days, and 2 days. The attributes and levels would be informed by evidence from the updated systematic review currently being performed by Kristjansson and her colleagues. The combination of different levels of each attribute might create a large number of possible scenarios. As this number is likely to be too large to be considered by respondents, an experimental design technique will be utilised to reduce the full factorial design (i.e. the full set of all possible combinations of attributes and levels to a manageable number (Lancsar and Louviere 2008) . We would design a questionnaire with introductory text explaining the task and the DCE choice sets. As different weights may be placed over the attributes and levels depending on the type of country being considered by the respondents (low-or middle-income countries), the DCE would be conducted in two sub groups: a low income group and a middle income group. The questionnaire would undergo pretesting and piloting.
The pretesting would involve experts in a focus group setting. This will ensure that all important and relevant attributes are identified, and that the range and number of levels for each included attribute are justified and supported by evidence. The questionnaire would then be piloted in a subsample of the target population, sufficiently large enough to conduct preliminary analyses (n≈30 per group). Following the pilot DCE, the questionnaire would be refined based on feedback from the pilot DCE, and a full DCE conducted among study participants; teachers from the relevant countries. Teachers will be selected following the rationale mentioned in the preceding section. An illustrative example of the attributes and levels and the DCE questionnaire is shown in Appendix 4. 8
Discussion
A number of recent studies and reviews illustrate a growing evidence base on school-feeding, including a broad range of benefits for vulnerable school age children across education, health, nutrition and other dimensions. To date, however, an important gap in school-feeding evaluation centres on the fact that there is no single metric to capture the effectiveness of school-feeding combining the different, and often simultaneous, outcome. Thus, we have been unable to fully compare school-feeding with other interventions.
In this paper we have sought to develop two alternative approaches to aggregate and evaluate school-feeding programmes across different several outcomes. One approach involves the development of a DCE to derive monetary values or utility scores combining the different outcomes into a single measure. The other focuses on the notion of quality-adjusted school days as an overall measure encompassing both the increased participation and learning outcomes from school-feeding.
Pros and cons of each approach
The DCE offers a very robust method (from economic theory) to estimate and integrate utility for different benefits of school-feeding. On the other hand, it necessitates a relatively complex design in which experts and then practitioners have to be interviewed to assess utilities. The quality-adjusted school days method has the advantage of greater simplicity; its' modelling stems from existing research and relies on practitioner's opinion to convert gains in learning into school days. However, it is possible that the method used to arrive at an integrated indicator may be less robust than the one offered by DCE. Both approaches could be tried separately, allowing for comparison of results and adjustments. Both methods are subject to the limitation that they do not include the benefits observed at the household level, either those obtained through income transfer due to feeding children at school or income increase through selling merchandises to the programme (in case the family is producing them, i.e. small scale farmer). Moreover, both approaches are likely to be context and country specific, both in terms of the weightings for the different outcomes and for the standards for learning achievement. Generalizing these context specific parameters is not straightforward.
In any case, a new integrated indicator for school-feeding is achievable through the implementation of either method. When developed, they can offer a relatively easy to obtain metrics that will significantly help to compare this and other interventions that aim to foster learning. Thus, the education sector will be able to compare interventions much like the health sector has been doing for many years (Robinson 1993) . This, taken together with evidence on outcomes and process from systematic and realist reviews, can inform policy makers who need to make difficult choices about allocation of scarce resources. 12 Figure 4 : Programme theory of impact on nutrition. The nutritional impact is mediated by the extent of food substitution effects within the household, and the use of the energy intake by the child and her siblings. The reduction in malnutrition via diet diversification and the absorption of micronutrients in the body can have direct effects on cognition. Better-nourished children may learn better while in class and outside class.
S Source: Masset and Gelli (2013) . c. A student whose learning capacity is 80 per cent would need xx per cent of more learning time.
d. A student whose learning capacity is 70 per cent would need xx per cent of more learning time. e. A student whose learning capacity is 60 per cent would need xx per cent of more learning time.
f. A student whose learning capacity is 50 per cent would need xx per cent of more learning time.
2. Mild improvements in learning capacity and reductions in learning time a. A special intervention has increased the learning capacity of student whose capacity was 90 per cent of normal learning by 10 points. Thanks to the improved learning capacity, the student may need xx per cent less learning time.
b. A special intervention has increased the learning capacity of student whose capacity was 80 per cent of normal learning by ten points. Thanks to the improved learning capacity, the student may need xx per cent less learning time.
c. A special intervention has increased the learning capacity of student whose capacity was 70 per cent of normal learning by ten points. Thanks to the improved learning capacity, the student may need xx per cent less learning time.
15 d. A special intervention has increased the learning capacity of student whose capacity was 60 per cent of normal learning by ten points. Thanks to the improved learning capacity, the student may need xx per cent less learning time.
e. A special intervention has increased the learning capacity of student whose capacity was 50 per cent of normal learning by ten points. Thanks to the improved learning capacity, the student may need xx per cent less learning time.
3. Significant improvements in learning capacity and reductions in learning time a. A special intervention has increased the learning capacity of student whose capacity was 80 per cent of the normal learning by twenty points. Thanks to the improved capacity, the student may need xx per cent less learning time.
b. A special intervention has increased the learning capacity of student whose capacity was 70 per cent of the normal learning by twenty points. Thanks to the improved capacity, the student may need xx per cent less learning time.
c. A special intervention has increased by twenty points the learning capacity of student whose capacity was 60 per cent of the normal learning. Thanks to the improved capacity, the student may need xx per cent less learning time.
d. A special intervention has increased by twenty points the learning capacity of student whose capacity was 50 per cent of the normal learning. Thanks to the improved capacity, the student may need xx per cent less learning time.
